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Transparent conducting amorphous thin films in the systems of ZnO?In2O3 and ZnO?SnO2 could 
be deposited on glass substrates by simultaneous DC magnetron sputtering and/or pulsed laser 
deposition techniques.  Post-annealing under the reductive gas flow was effective on improving 
surface roughness of the amorphous ZnO?In2O3 films deposited by the sputtering method.  
Introduction of Ar gas as a background gas into a chamber enabled to deposit flat transparent 
conducting amorphous films directly on the substrates by means of the pulsed laser deposition.  
Resistivity of amorphous ZnO?SnO2 thin films deposited by the sputtering increased linearly with 
an increase of zinc content, until the composition reached Zn2SnO4.  The linear decrease in 
resistivity was attributable to a linear carrier concentration probably due to that the increased 
number of zinc cations occupying the tetrahedral sites in the amorphous structure. 
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Fig. 1 Schematic drawing of DC sputtering apparatus with 
facing-target system. 
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Fig. 2 Schematic drawing of pulsed laser deposition apparatus. 
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Fig. 3 Electrical parameters for amorphous ZnO-In2O3 
films deposited by the sputtering method.  Closed and 
open symbols are for as-deposited and as-annealed films.  
Triangles, squares and circles represent Hall mobility, 
carrier concentration and resistivity, respectively. 
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Fig.4 SEM (left-hand) and AFM (right-hand) images of 
amorphous ZnO-In2O3 films by the sputtering method. a): 
before annealing, and b): after annealing. 
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Fig. 7 AFM images of amorphous ZnO-In2O3 films by the 
PLD method. Left: O2 60ccm, and Right: O2 30ccm + Ar 
30ccm. 
Fig. 5 Optical transmission spectra for for amorphous 
ZnO-In2O3 films deposited by the PLD method. 
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Fig. 6 Electrical parameters for amorphous ZnO-In2O3 films 
deposited by the PLD method.  Squares, triangles and 
circles represent Hall mobility, carrier concentration and 
resistivity, respectively. 
??????????? 7??? 
29.16 29.2829.18 29.20 29.22 29.24 29.26
0.00
0.14
0.08
0.10
0.12
0.02
0.04
0.06
PHOTON ENERGY (keV)
AB
S
O
R
P
TI
O
N
 (A
R
B.
U
N
IT
)
?=0.47
?=0.62A
BS
O
R
P
TI
O
N
 (A
R
B.
U
N
IT
)
  
3-3.? ????????DC????????????
???????????????????
? ????????????????????????
?????????????????????????
?????????????????????????
?DC???????????????????????
???????? 8????????????????
?????????????????????????
??????????XAFS??????????? 9?
?????????????????????????
???????????δ??????Sn-K?XANES?
?????????????????????????
?????????????????????????
????????? 6 ??????????????
ZnSnO3??????? 6 ???? 4 ????????
??????????Zn2SnO4???????????
????????????? 4???????????
??? 6?????????????????????
??????????????????????????
?????????????????????????
????????????????? 8???????
?????????????????????????
?????????????????????????
????? 2×10?2Ωcm????????? ? ????
??????????????
0 1
100
105
1010
1015
1020
1025
10–5
100
(Ω
cm
)
µ H
   
   
   
   
   
   
   
(c
m
2 /
V
s)
   
   
 
?
n
µH
??
(Ω
cm
)
?=IZn/(IZn+ISn)
? n
   
   
   
   
   
   
   
   
  (
cm
–3
)  
   
  
(Ω
cm
)
????????
(Ω
cm
)
µ H
   
   
   
   
   
   
   
(c
m
2 /
V
s)
   
   
 
??
(Ω
cm
)
? n
   
   
   
   
   
   
   
   
  (
cm
–3
)  
   
  
(Ω
cm
)
(Ω
cm
)
µ H
   
   
   
   
   
   
   
(c
m
2 /
V
s)
   
   
 
??
(Ω
cm
)
? n
   
   
   
   
   
   
   
   
  (
cm
–3
)  
   
  
(Ω
cm
)
(Ω
cm
)
µ H
   
   
   
   
   
   
   
(c
m
2 /
V
s)
   
   
 
??
(Ω
cm
)
? n
   
   
   
   
   
   
   
   
  (
cm
–3
)  
   
  
(Ω
cm
)
(Ω
cm
)
µ H
   
   
   
   
   
   
   
(c
m
2 /
V
s)
   
   
 
??
(Ω
cm
)
? n
   
   
   
   
   
   
   
   
  (
cm
–3
)  
   
  
(Ω
cm
)
(Ω
cm
)
µ H
   
   
   
   
   
   
   
(c
m
2 /
V
s)
   
   
 
??
(Ω
cm
)
? n
   
   
   
   
   
   
   
   
  (
cm
–3
)  
   
  
(Ω
cm
)
Fig. 9 Sn-K XANES spectra of amorphous ZnO-SnO2 films.
Fig.8 Electrical parameters for amorphous ZnO-SnO2 films 
deposited by the sputtering method.  Squares, triangles and 
circles represent Hall mobility, carrier concentration and 
resistivity, respectively. 
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